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(54) PRODUCTION OF ACTIVE MATRIX SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To avoid an adverse effect 
on a pixel electrode from an electric field induced by 
gate and source electrodes, by applying a negative regist 
on a transparent and electrically conductive film and 
conducting an exposure by the photoirradiation from the 
back surface of a substrate. 

SOLUTION: A gate electrode 2, a gate insulation layer 3 t 
a semiconductor layer 4 and an ohmic contact layer 6 
are formed on a transparent insulation substrate 1 . 
Then, a thin film transistor(TFT) having a source 
electrode 8 and a drain electrode 9 is formed and a flat 
layer is provided for the TFT by a transparent insulating 
film 10. Then, a contact hole 11, which connects the 
electrode 9 and a pixel electrode 7, is formed. Then, a 
transparent and electrically conductive film 7p to be a 
becomes a pixel electrode 7, is put on at the 
temperature less than a glass transition temperature Tg 
of the film 10 and a poiycrystalization temperature. 
Then, the film 7p is heat processed at the temperature, 
which is higher than the poiycrystalization temperature and less than the temperature Tg. Then, 
a negative regist 12 is applied to the film 7p. Finally, a pixel electrode is formed by the exposure 
from the back surface of the substrate 1 . 
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* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A manufacturing method of an active matrix substrate characterized by comprising the 
following. 

A process of forming a gate electrode, a gate insulating layer, a semiconductor layer, and an 
ohmic contact layer on a transparent insulating substrate. 

A process of forming a thin film transistor which consists of a source electrode and a drain 
electrode. 

A process of providing a flattening layer by a transparent insulating film in said thin film 
transistor. 

A process of forming a contact hole which connects a drain electrode and a picture element 
electrode on said transparent insulating film, A process of laminating a transparent conducting 
film used as a picture element electrode at the glass transition temperature Tg of said 
transparent insulating film, and below polycrystaHzed temperature, A process that beyond 
polycrystaHzed temperature heat-treats said transparent conducting film below with the glass 
transition temperature Tg, a process of applying negative resist on said transparent conducting 
film, and a process of forming a picture element electrode by performing exposure from a rear 
face of said transparent insulating substrate. 

[Claim 2] A manufacturing method of the active matrix substrate according to claim 1 using a 
photopolymer as a transparent insulating film. 

[Claim 3] A manufacturing method of the active matrix substrate according to claim 1 or 2, 
wherein an ohmic contact layer consists of a light transmittance state semiconductor material. 
[Claim 4]A manufacturing method of the active matrix substrate according to claim 3 contacting 
a layer which consists of a light transmittance state semiconductor material a drain electrode 
and directly. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing method of the active matrix 
substrate (henceforth an AM substrate) of the active matrix type liquid crystal display used as 
displays, such as OA and AV. 
[0002] 

[Description of the Prior Art]It explains referring to drawings for the conventional AM substrate 
below. Drawing 6 is a drawing in which an example of the composition of the conventional AM 
substrate is shown, and it is a sectional view where drawing 6 (a) meets a part plan and drawing 
6_(b) meets the A-A' line of drawing 6 (a). As for a gate insulating layer and 4, in a gate electrode 
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and 3, in each figure, a semiconductor layer and 5 are [ 1 / a transparent insulating substrate 
and 2 ] etching stopper layers, [0003] 
[External Character 1] 

[0004]7 shows a picture element electrode, 8 shows a source electrode, 9 shows the drain 
electrode, and arrangement formation is carried out as follows. 

[0005]Namely, form the gate electrode 2 on the transparent insulating substrate 1, and the gate 
insulating layer 3, the semiconductor layer 4, and the etching stopper layer 5 are formed, The 
picture element electrode and thin film transistor (henceforth [ TFT ]) which constitute an AM 
substrate were formed by patterning this etching stopper layer 5 after predetermined shape, 
then forming the ohmic layer 6 and the picture element electrode 7, and forming the source 
electrode 8 and the drain electrode 9 one by one.Since a part of gate potential is impressed to a 
picture element electrode in such composition via the parasitic capacitance formed by a 
crossing portion with a gate electrode even if normal voltage is impressed to a picture element 
electrode when a picture element electrode and a gate electrode cross, Since the problem that 
the liquid crystal control by regular potential is disturbed, and image quality deterioration 
happens arises, In order to avoid this, between the gate electrode end and the picture element 
electrode end, the alignment gap with the mask in a photolithography and the pattern to pile up 
was also taken into consideration, the crevice X between mum units is established, and the 
crevice is established so that there may be no lap between a source electrode and a picture 
element electrode similarly. Even if the phenomenon in which this picture element electrode is 
influenced by the electric field from a gate electrode and a source electrode is the TFT 
structure where a picture element electrode is provided in the bottom of the heap, it happens 
similarly. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in such composition, in order to establish a 
crevice between a picture element electrode, a gate electrode, and a source electrode, an 
effective liquid crystal drive surface product falls to the area (maximum area) of the field 
surrounded with the gate electrode and the source electrode, In the crevice X between a picture 
element electrode and a gate electrode, since direct potential is not impressed to a liquid crystal, 
light will leak, a black display level deteriorates and contrast falls substantially in the case of no 
MARII white mode. Then, in order to hide this light leakage region, if a light filter etc. must be 
arranged, the layer of a light blocking effect must be provided in a counter substrate and the 
margin of alignment is also included, further, an effective liquid crystal drive surface product will 
fall, and the problem that a screen becomes dark will produce it. 
[0007]This invention solves the above-mentioned conventional problem. 

The purpose is to provide the manufacturing method of a highly efficient active matrix substrate 
which extends an effective liquid crystal drive surface product to the maximum extent and with 
which a picture element electrode is not influenced by the electric field from a gate electrode 
and a source electrode. 

[0008] 

[Means for Solving the Problem]A process at which a manufacturing method of an active matrix 
substrate of this invention forms a gate electrode, a gate insulating layer, a semiconductor layer, 
and an ohmic contact layer on a transparent insulating substrate, A process of forming a thin 
film transistor which consists of a source electrode and a drain electrode, A process of providing 
a flattening layer by a transparent insulating film in said thin film transistor, A process of forming 
a contact hole which connects a drain electrode and a picture element electrode on said 
transparent insulating film, A process of laminating a transparent conducting film used as a 
picture element electrode at the glass transition temperature Tg of said transparent insulating 
film, and below polycrystal-ized temperature, A process that beyond polycrystaHzed 
temperature heat-treats said transparent conducting film below with the glass transition 
temperature Tg, a process of applying negative resist on said transparent conducting film, and a 
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process of forming a picture element electrode by performing exposure from a rear face of said 
transparent insulating substrate are provided. 

[0009]According to this invention, an effective liquid crystal drive surface product can be 
extended to the maximum extent, and a highly efficient active matrix substrate from which a 
picture element electrode does not receive influence of an electric field from a gate electrode 
and a source electrode can be manufactured easily. 
[0010] 

[Embodiment of the Invention]It explains referring to drawings for each embodiment of this 
invention below. In said conventional thing and each embodiment, identical codes shall be used 
about the same portion. 

[001 1](Embodiment 1) Drawing 1 is a figure showing the composition of the AM substrate in 
Embodiment 1 which applied the manufacturing method of the active matrix substrate of this 
invention, and it is a sectional view where drawing 1 (a) meets the part plan, and drawing 1 (b) 
meets the A-A' line of drawing 1 (a). Drawing 2 is a sectional view showing the manufacturing 
process in Embodiment 1 of the manufacturing method of the active matrix substrate of this 
invention. In drawing 1 , 1 a transparent insulating substrate and 2 a gate electrode and 3 A gate 
insulating layer, 4 — a semiconductor layer and 5 — an etching stopper layer and 6, a picture 
element electrode and 8 show a source electrode, 9 shows a drain electrode, 10 shows the 
transparent insulating film, and arrangement formation of an ohmic contact layer and 7 is carried 
out by the following manufacturing processes. 

[0012]First, the metal thin film (for example, Al film) for obtaining the gate electrode 2 is made to 
deposit on the transparent insulating substrate 1 which consists of glass substrates etc. by 
sputtering, as shown in drawing 2 (a), a resist pattern is formed by a photolithography, and the 
gate electrode 2 is formed. Next, as the gate dielectric film 3, 2000A of SiNx films are deposited, 
for example with plasma CVD method, and, subsequently a-Si film and 500 A of SiNx films 
[ 1500A of] used as the etching stopper layer 5 are continuously deposited as the 
semiconductor layer 4, respectively. Next, positive type photoresist is applied and said SiNx film 
is patterned after island shape by a photolithography. Then, in order to make good the contact 
characteristic of the source electrode 8, the drain electrode 9, and the semiconductor layer 4, 
the impurity (for example, phosphorus) was doped by plasma CVD. [0013] 

[External Character 2] 

n +-a-SiJg 

[0014]500A is deposited as the ohmic contact layer 6. Next, a-Si film which serves as the 
semiconductor layer 4 using a photolithography, [0015] 
[External Character 3] 

n + - a - S ijK6 

[0016]It etches simultaneously and patterns after predetermined shape. 
[0017]Next, as shown in drawing 2 (b). the metal (for example, Ti etc.) used as the source 
electrode 8 and the drain electrode 9 is deposited on the whole surface by a sputtering 
technique, and the pattern of the predetermined source electrode 8 and the drain electrode. 9 is 
formed by a photolithography. Next, it applies all over 2-3 micrometers, and the contact hole 1 1 
for contacting the drain electrode 9 and the below-mentioned picture element electrode is 
formed for the transparent insulating film 10 which consists of photosensitive resin by the usual 
photolithography. Since the level difference of a TFT part will be lost and it will become a 
flattening layer system by the transparent insulating film 10 if it does in this wayrthe orientation 
defect resulting from a level difference decreases. By removing the drain metal on the contact 
hole 11, using the transparent insulating film 10 as a resist pattern, when forming this contact 
hole 11, The portion of the contact hole 1 1 becomes only an ohmic contact layer, and since the 
light of the rear-face exposure by picture element electrode formation penetrates, it can be 
exposed in those without exposing treatment from the new surface. 

[0018]Next, as shown in drawing 2 (c), the transparent conducting film (for example, ITO film) 7p 
is deposited on the whole surface by a sputtering technique. In a case where the temperature 10 
lower than heat-resistant temperature of the transparent insulating film 1 0, for example, a 
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transparent insulating film, is acrylic resin about forming temperature at this time, since about 
250 ** is a heat-resistant limit, membranes are formed at less than it. Thereby, degasifying from 
the transparent insulating film 10, deterioration, etc. can be controlled. Then, it heat-treats, the 
inside of the air, or inactive gas, for example, N 2 , and processing for about 10 to 30 minutes is 

similarly performed at the highest possible temperature in a heat-resistant critical range. By this, 
improvement in light transmittance of the transparent conducting film 7p, reduction of resistivity, 
and improvement in etching accuracy can be aimed at. Drawing 5 is a graph which shows a 
relation of heat treatment temperature and resistivity in Embodiment 1 of a manufacturing 
method of an active matrix substrate of this invention, and the aforementioned heat treatment 
serves as a tendency as shown in this graph. 

[001 9] Although the point of inflection of resistivity is seen at about 200 ** in this graph, this 
becomes amorphous with transition temperature (glass transition temperature Tg) with a crystal. 
By heat-treating at temperature of this neighborhood, it becomes the film which turned into a 
film on which a crystal was intermingled as it is amorphous, especially was excellent in patterning 
accuracy. Next, although resist for forming a picture element electrode on the transparent 
conducting film 7p is applied, A positive resist is applied like before, it replaces with a method 
exposed using a mask, the negative resist 1 2 is applied on the transparent conducting film 7p in 
this embodiment, and it is made to expose by the optical exposure by wavelength light of an 
ultraviolet region from a substrate rear. Since each electrode serves as a mask by this, a mask 
which carries out normal use becomes unnecessary, the necessity of also taking superposition 
accuracy with a mask into consideration will be lost, and the effective maximal domain will be 
obtained as a picture element electrode. Generating of shorting defects accompanying resist 
pattern survival by a foreign matter which had become a technical problem by the conventional 
positive resist is lost by using the negative resist 12. However, the way things stand, since a 
portion on the drain electrode 9 is not exposed, only a portion of the drain electrode 9 will be 
exposed using a mask from a substrate face, and it will form a resist pattern. 
[0020]Next, as shown in drawing 2 (d), after the aforementioned resist pattern formation, a 
garbage of the transparent conducting film 7p is etched by etchant (for example, hydrogen iodide 
system solution), and it is considered as the picture element electrode 7, and completes as an 
AM substrate. 

[0021]Since negative resist is applied on a transparent conducting film and it is made to expose 
by the optical exposure from a substrate rear according to this embodiment as mentioned above, 
Since each electrode serves as a mask, a mask which carries out normal use becomes 
unnecessary, the necessity of also taking superposition accuracy with a mask into consideration 
is lost, and the effective maximal domain is obtained as a picture element electrode. In the 
conventional positive resist, when it became a mask, between picture element electrodes may 
short-circuit, if a foreign matter exists on a mask, andrepairing by laser etc. was performed to 
this, a damage may attain to even a source electrode and had become one factor of yield 
lowering, but. Since a gate electrode and a source electrode serve as a mask in this embodiment, 
even if a foreign matter exists on a substrate, it does not become the short circuit between 
pixels, but there is a yield improved effect. Since a picture element electrode separates from a 
gate electrode and a source electrode by thickness of a transparent insulating film, a picture 
element electrode is not influenced by an electric field from these each electrode further again, 
and there is no problem of image quality deterioration resulting from this. 
[0022](Embodiment 2) Drawing 3 is a figure showing composition of an AM substrate in 
Embodiment 2 which applied a manufacturing method of an active matrix substrate of this 
invention, and it is a sectional view where drawing 3 (a) meets the part plan, and drawing 3 (b) 
meets an A-A' line of drawing 3 (a). Drawing 4 is a sectional view showing a manufacturing 
process in Embodiment 2 of a manufacturing method of an active matrix substrate of this 
invention. Although it is the same as that of what was shown in that composition, therefore said 
drawing 1 , an AM substrate shown in this drawing 3 has the feature in a manufacturing method, 
and is explained with reference to drawing 4 below. 

[0023]First, as shown in drawing 4 (a), on the transparent insulating substrate 1 which consists 
of glass substrates etc. by sputtering, a metal thin film (for example, Al film) for obtaining the 
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gate electrode 2 is made to deposit, a resist pattern is formed by a photolithography, and the 
gate electrode 2 is formed by etching. Next, as the gate dielectric film 3, 2000A of SiNx films are 
deposited, for example with plasma CVD method, and, subsequently a-Si film and 500 A of SiNx 
films [ 1500A of ] used as the etching stopper layer 5 are continuously deposited as the 
semiconductor layer 4, respectively. Next, positive type photoresist is applied and said SiNx film 
is patterned after island shape by photo lithography and etching. 

[0024]Then, in order to make good the contact characteristic of the source electrode 8, the 
drain electrode 9, and the semiconductor layer 4, an impurity (for example, phosphorus) was 
doped by plasma CVD. [0025] 
[External Character 4] 

[0026]500A is deposited as the ohmic contact layer 1 3. With Embodiment 1 [0027] 

[External Character 5] 
n + -a-SiI 

[0028]** — in [ are performing conditioning, such as forming gas and a pressure, so that it may 

become amorphous, but ] this Embodiment 2 [0029] 

[External Character 6] 
n + i&SSliS±iSS 

[0030]Membranes are formed in 1:10-1:25, and it sets to micro crystallite Si to have been about 
1:5 conventionally about the ratio of SiH 4 which is **********, and H 2 , and it is used as light 

transmittance state semiconductor membrane. Next, it becomes a-Si film and the ohmic contact 
layer 13 which turn into the semiconductor layer 4 using a photolithography. [0031] 
[External Character 7] 

[0032]It etches simultaneously. 

[0033]Next, as shown in drawing 4 (b) t metal (for example, Ti etc.) used as the source electrode 
8 is deposited on the whole surface by a sputtering technique, and a pattern of the source 
electrode 8 and the drain electrode 9 is formed by a photolithography, also removing a metal 
membrane of the drain electrode 9 at this time — the drain electrode 9 — said a-Si film — and 
[0034] 

[External Character 8] 

[0035]It becomes. Next, it applies all over 2-3 micrometers, and the contact hole 1 1 for. 
contacting the drain electrode 9 and the below-mentioned picture element electrode is formed 
for the transparent insulating film 10 by the usual photolithography. Since the level difference of 
a TFT part will be lost and it will become a flattening layer system by the transparent insulating 
film 10 if it does in this way, the orientation defect resulting from a level difference decreases. 
By removing the drain metal on the contact hole 11, using the transparent insulating film 10 as a 
resist pattern, when forming this contact hole 1 1, The portion of the contact hole 1 1 becomes 
only an ohmic contact layer, and since the light of the rear-face exposure by picture element 
electrode formation penetrates, it can be exposed in those without exposing treatment from the 
new surface. 

[0036]Next, as shown in drawing 4 (c), the transparent conducting film 7p for picture element 
electrodes (for example, ITO film) is deposited on the whole surface by a sputtering technique. 
At this time, processing is performed [ forming temperature ] for heat treatment after membrane 
formation on same temperature restriction conditions like Embodiment 1, and the negative resist 
12 is applied on the transparent conducting film 10, and it exposes by the optical exposure by 
wavelength light of an ultraviolet region from a substrate rear. 
[0037]Next, as shown in drawing 4 (d), it is a-Si film at this time, [0038] 
[External Character 9] 
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[0039]Since it is **********, a picture element region and a contact region are exposed by one 
exposure, and by etching, the picture element electrode 7 can be formed and it completes as an 
AM substrate. 

[0040]It adds that the mask which carries out normal use becomes unnecessary since negative 
resist is applied on a transparent conducting film, it is made to expose by the optical exposure 
from a substrate rear according to this embodiment as mentioned above and each electrode 
serves as a mask etc. to the same feature as said Embodiment 1, and is an ohmic contact layer. 
[0041] 

[External Character 10] 

[0042]******** — a process being simplified, since contact to a picture element electrode is 
directly attained by things and even contact to the drain polar zone can form by exposure once, 
and, By heat-treating after the conducting film membrane formation further for pixels, 
transmissivity can improve and time reduction at the time of rear-face exposure, low- 
resistanceHzing, and improvement in etching accuracy can be aimed at. 
[0043] 

[Effect of the Invention]Since negative resist is applied on a transparent conducting film and it is 
made to expose by the optical exposure from a substrate rear according to this invention as 
mentioned above, Since each electrode serves as a mask, the crevice by mask alignment 
accuracy becomes the minimum, and a valid pixel area serves as the maximum, transmissivity 
improves, and the advantageous effect that luminosity not only improves remarkably, but a 
picture element electrode is not influenced by the electric field from a gate electrode and a 
source electrode is acquired. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The figure showing the composition of the AM substrate which applied the 
manufacturing method of the active matrix substrate of this invention in Embodiment 1 
[Drawing 2] The sectional view showing the manufacturing process in Embodiment 1 of the 
manufacturing method of the active matrix substrate of this invention 
[Drawing 3] The figure showing the composition of the AM substrate which applied the 
manufacturing method of the active matrix substrate of this invention in Embodiment 2 
[Drawing 4] The sectional view showing the manufacturing process in Embodiment 2 of the 
manufacturing method of the active matrix substrate of this invention 

[Drawing 5] The graph which shows the relation of the heat treatment temperature and resistivity 
in Embodiment 1 of the manufacturing method of the active matrix substrate of this invention 
[Drawing 6] The figure showing an example of the composition of the conventional active matrix 
substrate 
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[Description of Notations] 

1 Transparent insulating substrate 

2 Gate electrode 

3 Gate dielectric film 

4 Semiconductor layer 

5 Etching stopper layer 

6, 13 ohmic contact layers 

7 Picture element electrode 

8 Source electrode 

9 Drain electrode 

10 Transparent insulating film 

1 1 Contact hole 

12 Negative resist 
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DRAWINGS 



[Drawing 1] 




[Drawing 3] 
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[Drawing 2] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 6] 
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